Effect of oxygen tension on L-lysine, L-threonine and L-isoleucine accumulation was investigated.
Effect of oxygen tension on L-lysine, L-threonine and L-isoleucine accumulation was investigated.
Sufficient supply of oxygen to satisfy the cell's oxygen demand was essential for the maximum production in each fermentation.
The dissolved oxygen level must be controlled at greater than 0.01 atm in every fermentation, and the optimum redox potentials of culture media were above -170mV in L-lysine and L-threonine and above -180mV in L-isoleucine fermentations.
The maximum concentrations of the products were 45.5mg/ml for L-lysine, 10.3 mg/ml for L-threonine and 15.1 mg/ml for L-isoleucine. The degree of the inhibition due to oxygen limitation was slight in the fermentative production of L-lysine, L-threonine and Lisoleucine, whose biosynthesis is initiated with L-aspartic acid, in contrast to the accumulation of L-proline, L-glutamine and L-arginine, which is biosynthesized by way of L-glutamic acid. Measurements of glucose,5) lactate,e> amino acids4) and bacterial growth4) were carried out as reported previously.
RESULTS
Effect of dissolved oxygen on product formation in L-lysine, L-threonine and L-isoleucine fermentations Typical examples of fermentation kinetics are shown in Figs. 1-a, 1-b and 1-c. In every culture, oxygen was sufficiently supplied to maintain the PL, level between 0.01 and 0.10 atm throughout the fermentation, and the cell's oxygen demand was satisfied. The con centration of the products was 45.5mg/ml for L-lysine, 10.3 mg/ml for L-threonine and 15.1 mg/ml for L-isoleucine. In order to study the relationship between FL level and product formation in each fermentation, the agitation, speed and air flow rate were changed in the production phase to achieve several levels of PL. The modes of the influence of PL level on the product accumulation were similar to one another (Fig. 2) . Maximum accumulation occurred at a PL level over 0.01 atm. On the other hand, a decrease in the product for mation was observed when PL was recorded as zero by the oxygen electrode. Relationship between product formation and redox potential of culture medium
As another index to oxygen supply, the E value was very useful in knowing the effect of Conditions of oxygen supply: Agitation speed, 1200 rpm; air flow rate, 1/2vvm. Relationship between degree of oxygen satis faction (rab/KrM) and product formation
The degree of satisfaction of cells' oxygen de mand had physiological meanings in contrast
to the E value having physical meanings. As • Glucose•¨Glutamic acid +3 NADH2+ATP (2) In glutamic acid fermentation, it was experi mentally shown that the product was accumu lated according to eq. (3).10)
Judging from the amount of carbon dioxide evolved during the cultivation, the amino acid was produced from glucose employing both the glyoxylate cycle and PEP carboxylation system. Biosynthesis of glutamic acid gener ates NAD(P)HZ whether it is performed through the glyoxylate cycle or PEP carboxy lation system. This characteristic of gluta mate biosynthesis was considered to cause the marked inhibition of the product formation in oxygen-limited culture, because oxygen was required in amino acid fermentation mainly to reoxydize NADHZ2 generated in the process of amino acid. Biosynthesis of aspartic acid is also made through the glyoxylate cycle or PEP carboxylation system. Biosynthesis of amino acid through the glyoxylate cycle is an NAD(P)HZ generating process in marked contrast to that through the PEP carboxy lation system which is an NAD(P)HZ con suming one. Table II is a summary of NAD(P)HZ formation and ATP consumption in relation to the biosynthesis of amino acids belonging to the aspartate and glutamate families. In lysine, threonine and isoleucine fermentations, the degree of decrease in pro duct formation was shown to be less significant than that in amino acid fermentations of the glutamic acid family. Biosynthesis of these amino acids of the aspartic acid family might be performed by way of PEP and oxaloacetate including carbon dioxide fixation in oxygen limited culture.
